Electronic Version 
Stylesheet Version vl.1.1 



Description 



DEVICE AND METHODOLOGY FOR 
REDUCING EFFECTIVE DIELECTRIC 
CONSTANT IN SEMICONDUCTOR 
DEVICES 

Background of Invention 

[0001] The invention generally relates to a semiconductor device 
and method of manufacture and, more particularly, to a 
semiconductor device and method of manufacturing sub 
lithographic features within a dielectric material to reduce 
the effective dielectric constant of such material. 

[0002] jo fabricate microelectronic semiconductor devices such 
as an integrated circuit (IC), many different layers of metal 
and insulation are selectively deposited on a silicon wafer. 
The insulation layers may be, for example, silicon dioxide, 
silicon oxynitride, fluorinated silicate glass (FSG) and the 
like. These insulation layers are deposited between the 
metal layers, i.e., interlevel dielectric (ILD) layers, and may 



act as electrical insulation therebetween or serve other 
known functions. These layers are typically deposited by 
any well known method such as, for example, plasma en- 
hanced chemical vapor deposition (PECVD), chemical va- 
por deposition (CVD) or other processes. 
[0003] The metal layers are interconnected by metallization 

through vias etched in the intervening insulation layers. 
Additionally, interconnects are provided separately within 
the dielectric (insulation) layers. To accomplish this, the 
stacked layers of metal and insulation undergo pho- 
tolithographic processing to provide a pattern consistent 
with a predetermined IC design. By way of example, the 
top layer of the structure may be covered with a photo re- 
sist layer of photo-reactive polymeric material for pat- 
terning via a mask. A photolithographic process using ei- 
ther visible or ultraviolet light is then directed through the 
mask onto the photo resist layer to expose it in the mask 
pattern. An antireflective coating (ARC) layer may be pro- 
vided at the top portion of the wafer substrate to mini- 
mize reflection of light back to the photo resist layer for 
more uniform processing. The etching may be performed 
by anisotropic or isotropic etching as well as wet or dry 
etching, depending on the physical and chemical charac- 



teristics of the materials. Regardless of the fabrication 
process, to maximize the integration of the device com- 
ponents in very large scale integration (VLSI), it is neces- 
sary to increase the density of the components. 
[0004] Although silicon dioxide material has been used as an in- 
sulating material due to its thermal stability and mechani- 
cal strength, in recent years it has been found that better 
device performance may be achieved by using a lower di- 
electric constant material. By using a lower dielectric con- 
stant insulator material, a reduction in the capacitance of 
the structure can be achieved which, in turn, increases the 
device speed. However, use of organic low-k dielectric 
materials such as, for example, SiLK (manufactured by 
Dow Chemical Co., Midland, Ml) tend to have lower me- 
chanical strength than conventional dielectric materials 
such as, for example, silicon oxide. In some applications, 
it has been found that the following materials, in combi- 
nation with other materials within a device, have a certain 
effective dielectric constant, such as, for example: (i) un- 
doped silicon glass (USG) has a K of 4.1 and a K of ap- 
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proximately 4.3; (ii) USG and fluorosilicate glass (FSG) (K 
of 3.6) has bilayer K of approximately 3.8; (iii) organo 
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silicate glass (OSG) has a K of 2.9 and has a K of ap- 



proximately 3.0; and (iv) porous-OSG has a K of 2.2 and a 
bilayer of porous-OSG and OSG has a K r of approxi- 
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mately 2.4. 

[0005] By building a device having a low-k dielectric or a hybrid 
low-k dielectric stack, the large intra-level line-to-line 
component of wiring capacitive coupling is reduced, thus 
maximizing the positive benefit of the low-k material 
while improving the overall robustness and reliability of 
the finished structure. The hybrid oxide/low-k dielectric 
stack structure is much more robust than an "all low-k" 
dielectric stack, which is known to be relatively more sus- 
ceptible to via resistance degradation or via delamination 
due to thermal cycle stresses driven by the high CTE 
(coefficient of thermal expansion) of organic and semi- 
organic low-k dielectrics. However, the overall strength of 
the dielectric is considerably reduced at the lower dielec- 
tric constants. 

[0006] Nonetheless, even with the lower dielectric constant ma- 
terials including, for example, a hybrid oxide/low-k di- 
electric stack structure, there is still the possibility to im- 
prove even further the electrical properties of the device 
by lowering the effective K (K^ of a multilevel structure 
or a K of the dielectric material by forming voided chan- 



nels within the dielectric material between the intercon- 
nects and vias. The channels are vacuum filled and have a 
dielectric constant of about 1. By using such channels, a 
higher dielectric constant dielectric material, itself, may be 
used to increase the overall strength of the structure 
without reducing the electric properties. 
[0007] | n known systems, sub-resolution lithography processes 
have been used to create such channels. This typically 
consists of new manufacturing processes and tool sets 
which add to the overall cost of the fabrication of the 
semiconductor device. Also, in sub-resolution lithography 
processes, it is necessary to etch wide troughs in empty 
spaces which, in turn, cannot be pinched off by ILD PECVD 
deposition. Additionally, although the channels create low 
line-line capacitance, there remains a high level-level ca- 
pacitance for wide lines. This, of course, affects the over- 
all electrical properties of the device. Also, air gaps can 
occur near the vias from a higher level which creates the 
risk of plating bath or metal fill at these areas. Lastly, in 
known processes, there is also the requirement of provid- 
ing an isotropic etch which may etch underneath the in- 
terconnect thus leaving it unsupported or floating and, 
thus degrading the entire structural and electrical perfor- 



mance of the device. 
[0008] The present invention is directed to solving these and 
other problems. 
Summary of Invention 

[0009] | n a fj rs t aspect of the invention, a method for manufac- 
turing a structure includes providing a structure having an 
insulator layer with at least one interconnect and forming 
a sub lithographic template mask on the insulator layer. A 
selectively etching step is used for etching the insulator 
layer through the sub lithographic template mask to form 
sub lithographic features spanning to a sidewall of the at 
least one interconnect. 

[0010] | n another aspect of the invention, the method includes 

providing a structure having an insulator layer with a plu- 
rality of interconnects and forming a blocking structure on 
the insulator layer. The method further includes forming a 
sub lithographic template mask on the blocking structure 
having sub lithographic features and selectively etching 
the blocking structure and the insulator layer through the 
sub lithographic template mask to form sub lithographic 
features in the insulator layer. 

[° 011 ] In still another aspect of the invention, a semiconductor 
structure includes an insulator layer having at least one 



gap formed in the insulator layer spanning more than a 
minimum spacing of the interconnects. 
Brief Description of Drawings 

[0012] Figures 1 is representative of a beginning structure used 
with the invention; 

[0013] Figure 2 is representative of a processing step in accor- 
dance with the invention; 

[0014] Figure 3 is representative of a processing step in accor- 
dance with the invention; 

[0015] Figure 4 is representative of a processing step in accor- 
dance with the invention; 

[0016] Figure 5 is representative of a processing step in accor- 
dance with the invention; 

[0017] Figure 6 is representative of processing steps in accor- 
dance with the invention (and the formed structure); 

[0018] Figure 7 is a top view of the formed structure in accor- 
dance with the invention; 

[0019] Figure 8 is a side cut away view of a multilayered structure 
formed in accordance with the invention; 

[0020] Figure 9 is representative of a processing step in accor- 
dance with the invention; 

[0021] Figure 10 is representative of a processing step in accor- 
dance with the invention; 



[0022] Figure 11 is representative of a processing step in accor- 
dance with the invention; 

[0023] Figure 12 is representative of a processing step in accor- 
dance with the invention; 

[0024] Figure 13 is representative of a processing step in accor- 
dance with the invention; and 

[0025] Figure 14 is representative of a processing step in accor- 
dance with the invention (and the formed structure). 
Detailed Description 

[0026] This invention is directed to a semiconductor device and 
methods of manufacture for providing channels (or pores) 
in a dielectric (insulator) material to improve overall device 
performance. The methods of the invention do not require 
new manufacturing processes or tool sets nor do they in- 
troduce new materials into the final build and further 
avoid many of the shortcomings of sub-resolution pho- 
tolithographic processes. Additionally, the methods of the 
invention are easily adaptable for use with any dielectric 
material, whether a hybrid structure or a material having a 
high dielectric constant. The invention, in one aspect, 
prevents floating interconnects and also, while decreasing 
the effective dielectric constant, K . may maintain the low 
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level-level vertical capacitance of the interconnects. The 



overall device strength may also be maintained using the 
methods of the invention. 
[0027] Figure 1 shows a conventionally manufactured structure 
used in a semiconductor device. This structure, generally 
represented as reference numeral 100, is a single level 
structure, i.e., single wiring layer, shown for illustrative 
purposes; however, it should be readily understood by 
those of skill in the art that the structure shown and de- 
scribed herein can be a multilevel structure of several dif- 
ferent layers. The methods of manufacturing described 
herein are equally applicable to such a multilevel struc- 
ture. 

[0028] The structure 100 of Figure 1 includes a substrate 110 of 
any conventional material such as, for example silicon. 
The substrate may be an integrated circuit built up to a 
wiring level. An insulation layer 120 is deposited on the 
substrate 110 using any known method such as, for ex- 
ample, plasma enhanced chemical vapor deposition 
(PECVD), chemical vapor deposition (CVD) or other pro- 
cesses. The insulation layer 120 may be, for example: (i) 
undoped silicon glass (USG), (ii) USG and fluorosilicate 
glass (FSG), (iii) organo silicate glass (OSG), (iv) porous- 
OSG and OSG, (v) any combination of these materials or 



any other known dielectric material. The insulation layer 
120, in one implementation, is preferably either OSG or a 
layered structure of OSG and porous-OSG. One or more 
interconnects 130 are formed in the insulation layer 120. 
A diffusion barrier layer 135 which may be SiC, SiN or 
other known material, as discussed herein, is deposited 
on the insulation layer 120 to protect the interconnects 
130. The diffusion barrier layer 135 may additional act as 
an etch mask in subsequent processes. The diffusion bar- 
rier layer 135 may be at a thickness in the range of 250 A 
to 500 A, or other thicknesses depending on the applica- 
tion. 

[0029] Figure 2 is representative of a first step of the method of 
the invention. In this step, a blockout patterned resist 140 
(supra lithographic mask) is deposited or formed on the 
diffusion barrier layer 135. The blockout patterned resist 
140 is, in one implementation 2000 A to 1 micron in 
thickness and is deposited in any conventional manner. 
The blockout patterned resist 140 may be any conven- 
tional photoresist material. The blockout patterned resist 
140 includes holes or features that are larger than the 
minimal resolution features; that is, in one implementa- 
tion, the features of the blockout patterned resist 140 are 



larger than the spacings between the interconnects 130. 

[0030] Figure 3 is representative of a second step of the inven- 
tion. In Figure 3, a block copolymer nanotemplate 150 is 
formed over the blockout patterned resist 140 and por- 
tions of the diffusion barrier layer 135. The block copoly- 
mer nanotemplate 150 is a thin layer having features 
smaller than the minimal resolution features. In other 
words, the features of the block copolymer nanotemplate 
150 are smaller, in one implementation, than the spacings 
between the interconnects 130. The block copolymer nan- 
otemplate 150 may be a material which self assemblies it- 
self into substantially uniformly shaped and spaced holes 
or features. For example, the block copolymer nanotem- 
plate 150 may be a self assembled monolayer templated 
porous or permeable film. The block copolymer nanotem- 
plate 150 may be e-beam, uv or thermally cured. It should 
be further recognized that in implementations, the block- 
out pattern resist 140 may instead be formed over the 
block copolymer nanotemplate 150. 

[0031] | n one implementation, the holes of the block copolymer 
nanotemplate 150 are about 20 nm in diameter with a 
spacing of about 20 nm therebetween. In other imple- 
mentations, the spacings and diameter of the features 



may range from, for example, below 5 nm to 100 nm. The 
thickness of the block copolymer nanotemplate 150, in 
one implementation, is approximately 20 nm and is made 
from an organic polymer matrix having a mesh of holes. It 
should be understood, though, that the thickness of the 
block copolymer nanotemplate 150 (and blockout resist) 
may vary depending on the thickness of the insulation 
layer, the required feature resolution and other factors, all 
of which can be ascertained by one of ordinary skill in the 
art in view of the description herein. 
[0032] Figure 4 shows an etching step of the invention. Now that 
the block copolymer nanotemplate 150 and the diblock 
patterned resist 140 are formed on the structure, an etch, 
in one implementation, using RIE is used to form channels 
160 or nano columns between the interconnects 130. In 
this step, as the insulator 150 is etched between the holes 
of the block copolymer nanotemplate 150, the insulation 
layer 120 may be deliberately eroded to form one or more 
nano column between adjacent interconnects. In some 
implementations, the insulation layer may be eroded to 
the substrate or lower layer level. In this step, since no 
etch process is infinitely selective, the block copolymer 
nanotemplate 150 may also begin to erode; however, the 



features of the block copolymer nanotemplate 150 are 
transferred to the diffusion barrier layer 135, which will 
then act as the mask having the transferred features. An 
undercut below the interconnects may also be formed. 
[0033] As seen in Figure 4, small holes 135a, i.e., approximately 
equal to the channels 160, remain at the surface of the 
insulation material 120, basically corresponding to the 
size of the features of the block copolymer nanotemplate 
150. The holes 135a may be on the order of 20 A to 200 
A in diameter, for example. Additionally, during etching, 
insulation material 120a may be etched from the sidewalls 
of the interconnects 130, but redeposited in further de- 
positing steps. In one implementation, the sidewall mate- 
rial 120a may be in the thickness range between 5 A and 
200 A, with a thicker portion of the sidewall proximate to 
the block copolymer nanotemplate 150 or diffusion bar- 
rier layer 135. It should be understood by those of skill in 
the art that the masks 130 and 150, as well as the etching 
process may be tuned to control the pattern to thus, for 
example, preclude gaps near via lands and the like. Also, 
by tuning the etching processes, the channels 160 may 
extend partially or completely through the insulation layer 
120, or the insulation layer near the sidewalls of the inter- 



connects may be completely or substantially completely 
eroded. In this latter situation, deposition of insulation 
material near the sidewalls may be provided during a sub- 
sequent step of forming a higher interconnect layer. 

[0034] The RIE, is an anisotropic etch, etching primarily straight 
down, in order to etch away the insulation to form the 
channels 160. The RIE etch may be followed by a wet 
clean process to remove any polymer residue resulting 
from the etching process. This cleaning chemistry may 
contain an etchant to continue isotropic etching of the in- 
sulation layer to form an undercut below the intercon- 
nects (Figure 5). The etching of insulation layers compris- 
ing USG or FSG is relatively slow using dilute hydrofluoric 
acid (DHF). For example, the etch rate may be 10A to 20A 
per minute at a H 2 0:HF ratio of 200:1. 

[0035] on the other hand, OSG has a very low chemical etch rate 
in DHF, which is almost immeasurable. In OSG implemen- 
tations, RIE with plasma is used to provide more com- 
plete etch capabilities by oxidizing or "damaging" the first 
skin layer of the exposed OSG. Then, this damaged layer 
will etch very readily in this DHF. However, when using O^, 
there is the possibility of damaging the OSG insulation 
layer or diffusion layer. This damage can be corrected by 



providing another etch to the damaged portions. 

[0036] Figure 5 represents an isotropic etching step to enlarge 
the nano columns into a single larger column 160a than 
the original holes of the block copolymer nanotemplate 
150, in addition to providing an undercut to the formed 
channels. In this step, the RIE is changed by adding, for 
example, CK In this step, the isotropic etch forms the un- 
dercuts 160b, but should not etch away the entire area 
under the interconnects 130. Again, the etching can be 
tuned to provide for more extreme undercuts, depending 
on the desirability of the performance of the overall de- 
vice; however, the undercut is preferably not performed 
under the entire area below the interconnects 130. In one 
implementation, the undercuts will reduce vertical capaci- 
tance of wide lines. 

[0037] Figure 6 represents other processing steps of the inven- 
tion. For example, after the undercuts are formed, the 
block copolymer nanotemplate 150 and the blockout level 
patterned resist 140 are etched or stripped, leaving be- 
hind the small holes 135a. These masks may have already 
eroded, entirely or partially, during the etching processes, 
thus leaving the diffusion barrier layer 135 as the mask. A 
wet etch process can also be performed with solvent, DHF, 



or other acids to etch away any dielectric material which 
was previously damaged. In one implementation, the DHF 
is in a concentration from about 1000:1 to 10:1 H 2 0:HF. 
In an aspect of the invention, by widening the channels 
160, backfill material having a different dielectric constant 
and other properties, e.g., higher ductability, higher frac- 
ture toughness, etc., may be provided within the channels. 
[0038] still referring to Figure 6, a second insulation layer 170 is 
then deposited on the thus formed structure using any 
conventional depositing method such as, for example, 
PEVCD. The second insulation layer 170 may include a cap 
which will, after little deposition, cover the interconnects 
130 (e.g., copper wires) and the diffusion barrier layer 
135, as well as forming pinch off areas 135, in addition to 
sealing the channels. The cap layer will, in embodiments, 
minimize topography. The pinch off portions 135a may 
range between, for example, 20 A to 200 A, which are sub 
lithographic features. The pinch offs may act to minimize 
any level to level capacitance issues between adjacent lay- 
ers. 

[0039] During the initial deposition of insulation material, the 

small size of the holes 135a substantially eliminates sig- 
nificant thickness of material from being deposited within 



the columns 160. The material for the second layer of in- 
sulation layer 170 may be, for example, (i) undoped sili- 
con glass (USG), (ii) USG and fluorosilicate glass (FSG), (iii) 
organo silicate glass (OSG), (iv) porous-OSG and OSG, (v) 
any combination of these materials or any other known 
dielectric material. The insulation layer 170, in one imple- 
mentation, is preferably either OSG or a layered structure 
of OSG and porous-OSG, with the OSG acting as the cap 
for sealing the columns. 
[0040] Figure 7 shows a top view of the formed structure accord- 
ing to an aspect of the invention. In this view, blockout 
resist patterns 175 may be formed using the blockout 
patterned resist 140 . The blockout resist patterns 175 
may be used to provide additional mechanical reinforce- 
ment to the formed structure at locations other than the 
formed channels. By way of one example, the blockout re- 
sist patterns 175 may be formed over the scribe lanes or 
over the vias to provide additional strength and prevent 
pores in the vicinity of the sawing operation. It should be 
recognized that channels in the scribe lane may result in 
catastrophic failure due to shattering of the fragile mate- 
rial. The blockout resist patterns 175 may also enable di- 
electric reinforcement with concurrent extreme cutout, 



and also to avoid or prevent gaps from forming near the 
via regions. 

[° 041 ] It should be understood that the steps and structure of 
the invention, as described above, may be repeated for 
higher level insulation layers. Thus, as shown in Figure 7, 
several insulation layers having vias, interconnects and 
channels may be formed using the methods of the inven- 
tion. It should also be understood that by providing the 
channels, the effective dielectric constant of the insulation 
materials can be reduced without significantly affecting 
the integrity, robustness and strength of the entire device. 
In fact, the methods of the invention can achieve a K of 
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less than 2.0 with materials having a K of 2.7 or greater. 
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Additionally, by using the method of the invention, porous 
materials can be avoided for use in the insulation layer 
thus increasing the mechanical strength and thermal ca- 
pabilities of the device, i.e., allowing the heat to transfer 
downward to the substrate. This structure may also be 
formed by other methods described herein. 
[0042] Figures 9 though 14 show another embodiment of the in- 
vention. Figure 9 is representative of a structure having 
two insulation layers 200 and 210, of any type discussed 
above. For example, the insulation layer 210 may be SiO , 



FSG, SiCOH, SiLK or other materials. The insulation layer 
200 includes an interconnect 220 and the insulation layer 
210 includes a via 230 and several interconnects 240. A 
dielectric cap, such as SiN, SiC, SiCOH, etc. (diffusion 
layer) 250 is deposited over the insulation layer 210 and 
interconnects. The cap 250 ranges, in one implementa- 
tion, from 5 nm to 50 nm in thickness. An Si0 2 cap may 
be provided if the interconnect, e.g., copper wire, is 
capped. Multiple layers of these materials or any combi- 
nation may also be used with the invention. It should be 
understood that this same or similar feature is applicable 
to other embodiments discussed herein. 
[0043] Referring now to Figures 10 through 14, a blanket depo- 
sition layer 260 of Si0 2 followed by a deposition layer 270 
of Au, Ag, In, Sn or Ga in the range from 5 nm to 50 nm is 
provided on the cap 250. It should be understood that a 
blockout patterned resist may be deposited between the 
deposition layers 260 and 270, or alternatively above the 
deposition layer 270. As in the previous embodiment, the 
blockout patterned resist should be a supra lithographic 
mask for preventing the formation of gaps over larger ar- 
eas of the device. Metals which can easily dissolve in 
acids, acid salts and alkaline solutions such as Sn or In 



may be used in the invention in order to provide for easier 
removal at a later stage; however, other metals are also 
contemplated for use with this aspect of the invention. 
The layer 270 is treated, e.g., annealed, to cause agglom- 
eration (i.e., beading) in order to form sub lithographic 
features in the range of 1 nm to 50 nm. In this manner, 
nano islands 270a are formed from the layer 270, which 
act as a mask for further processing steps. The layer 270 
is in the range of 1 nm to 50 nm in thickness and, in one 
implementation, in the range of 5 nm and 20 nm in thick- 
ness. 

[0044] | n Figure 11, pores are etched in layer 260. This etching 
may be performed by RIE, in a conventional manner. The 
metal islands 270a are stripped with a wet or dry etch, 
and etching continues with RIE into the layer 250. An un- 
derlying hardmask may be used to protect the underlying 
structures during removal of the metal islands 270a such 
as the cap 250. This RIE etching forms the channels or 
pores 250a (Figure 12). Etching continues into the Si0 2 
layer 210 forming pores or nano channels 210a substan- 
tially the same size as the sub lithographic features of 
layer 270 in the range of 1 nm to 50 nm. The RIE etching 
is, in one implementation, an anisotropic etch. 



[0045] An dielectric cap layer 280, such as Si0 2 , which can be 
deposited using PECVD or any known method, is de- 
posited on the insulation layer 210 to seal the channels 
250a (Figure 14). The dielectric cap 280 may have a thick- 
ness range of 5 nm to 50 nm, in one aspect of the inven- 
tion. (Of course, other thicknesses, as with all other mate- 
rials used herein, are also contemplated by the invention.) 
The dielectric cap 280 may equally be other materials 
such as SiC, SiCOH or SiN, for example. In one embodi- 
ment, the nano channels may be filled with a tough di- 
electric prior to the sealing with the capping dielectric 
layer. Pinch off sections may be formed in the capping di- 
electric layer 280. 

[0046] | n aspects of this embodiment, a random hole pattern in 
resist may be formed using e-beam, x-ray or EUV lithog- 
raphy. In this case, the resists mask the regions where the 
dielectric is left behind and the vertical pores or columns 
are etched into the dielectric. A hardmask such as Nitride 
may be used underneath the resist if the dielectric is an 
organic material. 

[0047] As a further alternative, a random hole pattern in a 

2-phase polymer mask with porogen may be utilized to 
form the pores. To fabricate the mask, the polymer is ap- 



plied and the porogen is then removed with a high tem- 
perature cure or with solvent, as is well known in the art. 
This will form the sub lithographic holes for further pro- 
cessing. There would be no need for optical lithographic 
exposure or photomask in this or other processes. The 
vertical pores or nano columns would then be etched in 
the manner discussed above. 

[0048] Alternatively, a spin on film with fine metal particles such 
as a metal sol may be used to form the required holes, as 
may be represented by layer 270. In this process, a single 
layer of fine metal particles from a sol are deposited. This 
may be performed by pre-treating the layer 260 with a 
surfactant that forms a monolayer in the surface and at- 
tracts the sol particles to the surface to form a layer of the 
sol particles. That is, the layer would be burned away to 
leave metal particles on the surface which then could be 
used for the mask. A phase separable spin on solution 
such as block copolymer can also be used as the mask. In 
addition, in this embodiment, selective masking can be 
used to selectively add toughening to critical areas of the 
chip, such as discussed with reference to Figure 7. 

[0049] while the invention has been described in terms of em- 
bodiments, those skilled in the art will recognize that the 



invention can be practiced with modifications and in the 
spirit and scope of the appended claims. 



